Injection of mice with a sublethal dose of endotoxin 2 hr after administration of 0.1 ml of carbon tetrachloride (CC14) killed 75% of the animals. CCl4 alone killed no controls. Significant protection against this effect was afforded by 5 mg of cortisone and by 5 mg of nicotinamide adenine dinucleotide (NAD). With a larger dose of endotoxin, cortisone did not give protection. Liver tryptophan pyrrolase activity was lowered 2 hr after CC14 injection and reached a minimum after 17 hr. Induction of tryptophan pyrrolase by cortisone, followed by administration of CC14, resulted in rapid loss of activity. A significant induction of tyrosine-a-ketoglutarate transaminase was observed in CCl4-treated mice. The induction of this enzyme by cortisone was somewhat impaired when CC14 was administered concurrently with the hormone. CC14 did not lower tryptophan pyrrolase in endotoxin-tolerant mice after 4 hr, but at 17 hr the activity was decreased as much as in control mice. Oxidized pyridine nucleotides were decreased 17 hr after administration of CC14. This loss was prevented by administration of NAD (5 mg) or by cortisone (5 mg). Carbon clearance from blood was reduced after treatment with CC14. These results indicate a degree of similarity between the metabolic effects of endotoxin and CCl4 in that both depress tryptophan pyrrolase and prevent its induction by cortisone, and both induce tyrosine transaminase in intact mice. Both substances appear to exert these effects through some type of mediated reaction.
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Subcutaneous administration of small doses of carbon tetrachloride (CC14) to guinea pigs renders them abnormally sensitive to the lethal effects of bacterial endotoxins (13) (14) (15) (16) . Associated with this is a lowering in rate of clearance of intravascularly administered colloidal carbon and a subsequent hepatic necrosis (14) . CC14 is also known to disrupt a number of enzymes of the tricarboxylic acid cycle in rat liver mitochondria when the chemical is administered via a stomach tube (11) . Smuckler et al. (25) vitro conditions. There appears to be, therefore, a generalized inhibition of protein synthesis (24) resulting from CCl4 intoxication.
Berry and Smythe have presented evidence to suggest that cortisone protection against endotoxin lethality in mice may be related to the maintenance of hormonally inducible liver enzymes as reflected by measurements of tryptophan pyrrolase activity (6) (7) (8) . It was decided to determine whether CCL4 administration influences the activity of mouse liver tryptophan pyrrolase, another inducible liver enzyme, tyrosine-a-ketoglutarate transaminase, and those enzymes involved in gluconeogenesis that are believed to be, at least in part, responsible for the storage of glycogen after cortisone administration (27, 28) , and to relate these observations to endotoxin lethality. This is important because recent evidence obtained in this laboratory indicates that the reticuloendothelial system plays a metabolic role under these conditions (1, 8 Assay for pyridine nucleotides. The method of Kaplan et al. (17) was followed for quantitative determination of the oxidized pyridine nucleotides contained in a 5% trichloroacetic acid extract of liver. A Turner fluorometer with primary filter, no. 7-60 (360 m,u exciting light), and a secondary filter, no. 75 (490 mA transmitted light), was used to measure the fluorescence of the stable compounds that form from the nucleotides in the presence of hot 5 N NaOH. Additional details are given in an earlier publication (6 These results should be compared with those obtained when a larger dose of endotoxin was employed. An amount of endotoxin that permitted 70% survival when given alone and 20% survival when given after CC14 could not be protected against by cortisone when the hormone was given in combination with the CC14 (Table   2 ). This result was different from that shown in Table 1 . Cortisone, when given with endotoxin but without the CCl4, gave 100% survival, as did CC14 alone ( after an injection of cortisone, and the activity of their liver tryptophan pyrrolase was followed with time ( Fig. 1) The activity of liver tyrosine-a-ketoglutarate transaminase is known to increase in mice after an injection of endotoxin (9) . Measurement of this enzyme 17 hr after treatments of the type described above revealed significant induction after the administration of CCl4 alone, and even after both CC14 and cortisone were given ( possibly because ofitsknownhepatoxic properties, is able to suppress the full hormonal induction of tyrosine-a-ketoglutarate transaminase.
In vitro effect of CC4 on liver homogenates. To determine whether the action of CC14 in lowering tryptophan pyrrolase and in partially suppressing tyrosine-a-ketoglutarate transaminase induction is due to a direct inactivation of the enzymes or to an indirect (mediated) effect, 0.1 ml of CC14 was added directly to homogenates of liver tissue prior to the incubation period required for the enzyme assays. Comparison of optical density readings on liver homogenates with and without the addition of CC14 indicated no direct effect on the assay for either tryptophan pyrrolase or tyrosine-a-ketoglutarate transaminase (Table 5) .
Effect of CC!4 on carbon clearance. Mice injected with 0.1 ml of CC14 showed a significantly depressed rate of carbon clearance (k values) after an interval of 4 hr and an even greater depression after 17 hr (Table 6 ). These changes were not associated with any significant decrease in liver or spleen weight in CC14-treated mice (data not shown), so that the impaired carbon clearance must be dependent upon a lack of phagocytic ability of the macrophages.
Enzyme activity in endotoxin-tolerant mice. Challenge of endotoxin-tolerant mice with endotoxin failed to alter significantly the activity of tryptophan pyrrolase after 4 and 17 hr. This is shown in Table 7 and confirms earlier results (8) .
The rise seen at 4 hr is not statistically significant, but a similar change was described previously (8) . CCl4 had no effect on the enzyme 4 hr postinjection, but caused a profound decrease in activity after 17 hr.
Effect of CC14 on cortisone induced glyconeogenesis. Mice were injected with cortisone or CCl4 singly or in combination, and their liver glycogen was assayed subsequently. The control value of 5.1%, typical of livers of fed mice (5), doubled 17 hr after the administration of cortisone (Table 8 ). This increase occurred even though the mice were denied food throughout the 17-hr period postinjection. Obviously, the elevation in carbohydrate under these conditions had to result from glyconeogenesis. CCl4 alone reduced liver glycogen to 1.1 % after only 4 hr, and it prevented almost completely the glyconeogenesis that should accompany an injection of cortisone (Table 8 ).
DISCUSSION
The findings described in this report are consistent with earlier evidence that suggests a critical role for enzyme induction in the response of mammals to bacterial endotoxin (3, (6) (7) (8) (9) and to other forms of stress (Berry, unpublished data), against which adrenocorticoids are effective. The enzymes that seem to be most consistently involved in the earliest phases of the animal's reaction to stress are tryptophan pyrrolase, tryosine-a-ketoglutarate transaminase, and the enzymes that are crucially involved in glyconeogenesis. One of them, tyrosine-a-ketoglutarate transaminase, seems to respond differently from the other enzymes with short half-life. In intact mice, it is induced rather than depressed by endotoxin, by CCl4 (Table 4) , by reticuloendothelial-active colloids (1, 4) , and by hypoxia (Berry, unpublished data) . Why these differences occur is unexplained, but the fact that they do is clearly established.
It would be unrealistic to assume that CCl4, with its generalized toxicity and specific hepatonecrotizing action, has as its only or primary effect the prevention of induction of the few enzymes under study. It has been found, however, to upset protein synthesis in general (24), possibly through an alteration in liver ribosomes (25) ; to block glycogen synthesis in liver slices (29) ; to disrupt a number of enzymes in liver mitochondria (11) ; and to inhibit the NAD-linked oxidation of fatty acids (14) . Certain cytochrome c reductase activities have been found to increase in CCl4-poisoned animals (12) so that the behavior of tyrosine-a-ketoglutarate transaminase is not unique.
The one inconsistency in the present study was the ability of cortisone to protect against endotoxin lethality in CC14 pretreated mice (Table 1) under circumstances where tryptophan pyrrolase activity could not be maintained (Table 3) and where glyconeogenesis did not occur (Table 8) . It was necessary to administer a small dose of endotoxin, under these conditions, in order for cortisone to be protective (compare data of Table  1 and 2). Thus, cortisone reduces endotoxin lethality in CCl4-pretreated mice when a small dose is given, but with a larger amount, no protection occurs. Additional experiments over a wider range of time intervals and dosages would have to be done to clarify these relationships.
Other workers have found that CCl4 sensitizes to endotoxin. Formal and co-workers (15) observed that guinea pigs are sensitized to Shigella flexneri endotoxin by CC14 and are also made more susceptible to oral infection by the same organism (16) . Farrar and Corwin (14) related maximal susceptibility in guinea pigs to the period of greatest liver damage, and Farrar and Magnani (13) had reported earlier that 3 mg of cortisone given to CCl4-treated guinea pigs sensitized them to endotoxin rather than protecting them. Chedid (10) and Berry (3) had found it impossible to influence the response of guinea pigs to endotoxin by a large dose of cortisone (15 mg).
The influence of CC14 on liver tryptophan pyrrolase activity in endotoxin-tolerant mice is interesting. Berry and Smythe (8) have shown that administration of endotoxin to tolerant mice fails to lower liver tryptophan pyrrolase activity. Our data with endotoxin-tolerant mice not only confirm this (Table 7) , but make it evident that the enzyme is also resistant to CC14 poisoning for a period of 4 hr but not for 17 hr postinjection. Whether the resistance of the enzyme to CC14 at 4 hr is related to an increase in reticuloendothelial system activity resulting from the endotoxin injections is unknown. However, the data suggest that enzyme maintenance may play an important role in the resistance of tolerant mice to endotoxin. This may be the result, as several investigators believe (13, 14) , of the ability of tolerant animals to detoxify endotoxin in liver and spleen more effectively than control animals. Perhaps the immunological explanation of tolerance by Watson and Kim (26) suggests an enhanced removal of endotoxin, or more rapid neutralization, along lines suggested by Radvany et al. (21) , Kim and Watson (19) , and others.
How this would explain the observations with CCl4 is obscure. In any case, the loss of enzyme in tolerant animals injected with CC14, and maintenance of enzyme in tolerant animals challenged with endotoxin, show that some specificity is associated with endotox;n tolerance.
